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Alternative splicing is controlled by cis-regulatory
sequences present in the pre-mRNA and their cognate
trans-acting factors, as well as by its coupling to RNA
polymerase II (pol II) transcription. A unique feature of
this polymerase is the presence of a highly repetitive
carboxy terminal domain (CTD), which is subject to
multiple regulatory post-translational modifications.
CTD phosphorylation events affect the transcriptional
properties of pol II and the outcome of co-transcriptional
alternative splicing by mediating the effects of splicing
factors and by modulating transcription elongation
rates. Here, we discuss various examples of involvement
of the CTD in alternative splicing regulation as well as
the current methodological limitations in deciphering
the detailed mechanisms of this process.

A unique domain in the polymerase that makes mRNA
The multi-subunit enzyme that transcribes protein-coding
genes, RNA polymerase II (pol II), has a unique charac-
teristic among DNA-dependent RNA polymerases: the
presence of a repetitive carboxyl terminal domain
(CTD) in its largest subunit, RPB1 [1]. In mammals, the
CTD comprises 52 tandemly repeated heptapeptides
with the consensus sequence Tyr-Ser-Pro-Thr-Ser-Pro-
Ser (Y1S2P3T4S5P6S7). The degree of adjustment to the
consensus of each heptad varies with its location along the
CTD (Figure 1). Soon after it became clear that the cata-
lytic activity of RPB1 was not located in the CTD, Corden
and co-workers performed a deletion analysis to dissect its
function. By inhibiting the endogenous pol II with a-ama-
nitin and transiently transfecting vectors expressing a-
amanitin-resistant pol II with a truncated CTD, they dis-
covered that the CTD was necessary for transcriptional
activation by almost all transcriptional enhancers tested
[2]. Pol II-mediated transcription is not sufficient to syn-
thesize an mRNA suitable for nuclear export and trans-
lation, andmust be followed by covalent modification of the
nascent pre-mRNA, including capping, splicing and 3’ end
processing (cleavage and polyadenylation). In 1997, David
Bentley’s group found that the roles of the CTD were not
limited to transcriptional activation, but instead involved
all three pre-mRNA processing reactions and introduced
the concept of an ‘‘mRNA factory’’ lying within the nucleus
which is governed by the CTD [3]. Using Corden’s strategy,
they demonstrated that the CTD was affecting transcrip-

tion, as well as capping, splicing and 3’end processing [3,4].
The idea of a mRNA factory containing pol II and proces-
sing factors gave strong support to the concept of coupling
of transcription and pre-mRNA processing in which both
processes can influence each other and occur in a highly
coordinated manner within the cell nucleus. In those early
days in the emerging field of coupling, our group added
another level of complexity by showing that promoter
identity affects alternative splicing (AS) decisions, using
as a model the extra domain I (EDI) alternative exon of the
human fibronectin gene [5]. Proper regulation of AS is
crucial for metazoan life because: (i) AS is a major con-
tributor in achieving a vast proteomic complexity with a
limited number of genes; indeed, it was reported to affect
the expression from 65% [6] to up to 90% of human genes
[7,8]; (ii) mutations that either create or abolish AS regu-
latory sequences, also known as splicing enhancers and
silencers, are awidespread source of human disease [9–13];
(iii) AS factors can be misregulated in cancer [14–17]; and
(iv) AS factors have key roles in tissue development [18–

20]. Interestingly, the quantity of known splicing regula-
tors, or even RNA binding proteins in general (around 50
and 300, respectively), estimated from human genome
analysis, is insufficient to explain the regulation of known
AS events [21]. Nevertheless, the fact that transcription
affects AS patterns allows the cell to combine two major
mechanisms to tightly control its expression profiles. In
this review we focus on the different ways in which mam-
malian transcription affects AS and how the CTD of pol II
is involved in the coupling of both processes.

The CTD is target of multiple post-translational
modifications
The unusual consensus sequence Tyr-Ser-Pro-Thr-Ser-
Pro-Ser contains many potential phosphorylation sites.
At first glance, five out of seven residues could be phos-
phorylated within the consensus heptad but, in addition,
proline isomerization [22,23] as well as serine and threo-
nine glycosylation [24], have been reported as plausible
post-translational modifications (PTMs) of consensus CTD
residues. Non-consensus residues, such as lysine and argi-
nine, are also present in the CTD and they can potentially
be modified by acetylation, ubiquitylation, SUMOylation
(lysine residues) and methylation (lysine and arginine
residues). The combinatorial possibilities of the different
PTMs along the 52 CTD heptads is immense, and only a
fraction has been demonstrated to influence interactions
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with a plethora of proteins, which in turn, affect many
steps in the flow from genes to translatable mRNAs (for
reviews see Refs [25–27]).

The CTD is necessary to transcribe endogenous genes
The experimental strategies used to identify CTD-associ-
ated functions include transient transfection of mamma-
lian cells with vectors expressing a-amanitin-resistant pol
IIs bearing wild type (WT), mutant or partially/totally
truncated CTDs, together with reporter gene constructs
[2–4]. Unlike endogenous genes, the chromatin of these
transiently expressed reporters is not physiologically
assembled, which seems to be the reason why these repor-
ters are effectively transcribed by CTD-less pol IIs under
certain circumstances, such as when transcription is con-
trolled by weak activators, like SP1, but not by strong
acidic activators, such as VP16 [2,28]. However, the
requirement for the CTD seems to be absolute for the
transcription of endogenous genes, as evidenced by Eick
and co-workers [29], who demonstrated that a negligible
number of the 1176 genes analyzed in an array were
transcribed by a mutant polymerase lacking the CTD.
Consistently, cell lines stably transfected with the CTD-
less a-amanitin-resistant polymerase die a few days after
a-amanitin is added to the cell culture [29]. The CTD
interacts with chromatin remodeling and modifier factors,
such as the histone methyltransferases Set1 [30] and Set2
[31] or the histone acetyltransferases p300 and PCAF
(p300/CBP-associated factor) [32], which probably explains
the global transcriptional defect of endogenous genes in the
absence of a functional CTD. These are important con-
siderations to take into account when assessing putative
roles of the CTD in post-transcriptional events. It is
important to note, however, that although the CTD is
involved in many post- and co-transcriptional processing
events, the effects of CTD truncation on endogenous pre-
mRNA processing are difficult to study because little tran-
scription takes place in the absence of the CTD.

CTD and pre-mRNA processing
Among the many pre-mRNA processing reactions in which
the CTD participates, the CTD requirement for efficient

pre-mRNA capping is probably the best characterized. The
capping enzymes interact specifically with the CTD
phosphorylated at Ser5 [33,34], a PTM associated with
transcriptional initiation predominantly found in pol II
molecules located towards the 5’ end of genes [35].
Cleavage/polyadenylation factors also interact with the
CTD, but when phosphorylated at Ser2 [30,36,37], a
PTM that is preferentially found in pol II molecules
mapping intragenically towards the 3’ end of genes [35];
this modification is associated with productive transcrip-
tional elongation. Whether the Ser5 and Ser2 of all or just
some repeats need to be phosphorylated to enhance
capping and cleavage/polyadenylation respectively is not
known (see below). Fragmentary evidence also points to a
role of the CTD in constitutive splicing as (i) transcrip-
tional activation of pol II genes induces the association of
splicing factors to sites of transcription onlywhen pol II has
a full CTD [38]; (ii) deletion of the CTD inhibits splicing of
the b-globin gene [3]; and (iii) isolated CTD fragments [39],
as well as purified phosphorylated pol II [40], are able to
activate splicing in vitro. Interestingly, isolated CTD frag-
ments cannot duplicate the effect of pol II unless the pre-
mRNA is recognized via exon definition, i.e. it contains at
least one complete internal exon with 3’ and 5’ splice sites.
It is worth noting, however, that the CTD requirement for
constitutive splicing appears to be specific to some exons
[28]. Together with the fact that many, but not all, introns
are removed co-transcriptionally [41], we might conclude
that the effect of the CTD on constitutive splicing is not
general and could be restricted to co-transcriptional spli-
cing events governed by exon definition. Such a view agrees
with findings that the CTD is dispensable for post-tran-
scriptional splicing (i.e. uncoupled from transcription), as
observed when pre-mRNA is injected directly into Xenopus
laevis oocytes [42]. In any case, the CTD, conveniently
located next to the pol II RNA exit channel [43], cannot
act on RNAprocessing by itself in vivo: T7 RNApolymerase
or RNA pol III molecules engineered to carry a pol II CTD
failed to support efficient pre-mRNA processing [44].

Co-transcriptionality and coupling
In order to catalyze intron removal and exon ligation from
the pre-mRNA, the spliceosome must first recognize and
assemble onto specific sequences: the 5’ and 3’ splice sites
(ss). The control of splice site recognition by the spliceo-
some represents the best-studied mechanism of AS regu-
lation; indeed, many AS factors affect 5’ ss recognition by
U1 snRNP (small nuclear ribonucleoprotein) or 3’ ss recog-
nition by U2 snRNP. For instance, the serine/arginine-rich
(SR) protein family members can influence splice site
recognition by binding to the pre-mRNA and affecting
spliceosome assembly directly [45]. Since the discovery
that transcription influences AS [5,46], a wide range of
transcriptional modulators, including pol II itself,
appeared as potential AS regulators. In this scenario, co-
transcriptional splicing or co-transcriptional commitment
to splicing seem to be reasonable pre-requisites for
coupling, i.e. for the existence of functional interactions
between the transcription and splicing machineries.
Nevertheless, the existence of co-transcriptionality per se
does not necessarily imply coupling [47]. Yet, current

Figure 1. Repetitive structure of the CTD of the large subunit (RPB1) of RNA

polymerase II. The two halves of the CTD differ in heptad composition. Repeats 1–

25 are richer in the consensus sequence YSPTSPS whereas repeats 26–52 are more

degenerate. The non-repetitive C-terminal motif ISPDDSDEEN is necessary to

prevent full CTD degradation in vivo.
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evidence inmammalian and yeast cells supports the notion
that co-transcriptional splicing or co-transcriptional spli-
ceosomal assembly is the rule rather than the exception
[48–53]. Moreover, although splicing can occur indepen-
dently of transcription in vitro, the process is less efficient
than that in vivo [42,54] or in transcription-coupled in vitro
systems [48]; these findings are consistent with the exist-
ence of coupling. In fact, co-transcriptional splicing helps to
prevent pre-mRNA degradation [55] and drives pre-mRNA
to associate with splicing regulatory factors such as SR
proteins [56]. Rapid association of spliceosome components
[57–59] and splicing regulatory factors to the nascent pre-
mRNA is important to improve splicing efficiency, and to
prevent back-hybridization of the nascent pre-mRNA to
the DNA template strand, a process that would favor
genome instability due to the accumulation of DNA breaks
triggered by the single strand status of the non-template
strand [60,61]. Together, the available data suggest that
the evolutionary advantage of co-transcriptionality resides
in allowing for coupling.

‘‘Coupling’’ two modes of coupling
Two non-mutually exclusive models have been proposed to
explain the coupling between transcription and AS. The
recruitment coupling model involves the association of
splicing factors to the transcribing polymerase complex,
whereas the kinetic coupling model involves modulation of
the elongation rates of pol II, which affects the timing of the
window opportunity for the use of weak splice sites located
upstream of stronger splice sites. In both scenarios, the
CTD plays a central role: the action of specific splicing
factors, as well as the modulation of the elongation rates of
pol II, depend on the presence or covalent modifications of
the CTD. The recruitment model is supported by findings
that show that the inhibitory action of the SR protein,
SRp20, on the inclusion of the fibronectin alternative exon
EDI into the mRNA is CTD-dependent [28]. The involve-

ment of the CTD was demonstrated by the use of a pol II
mutant lacking the CTD (D0). Transient transfection
experiments using EDI AS reporter minigenes showed
that when transcription is carried out by the D0 mutant
polymerase, the inclusion of the EDI alternative exon is
increased when compared to a WT pol II enzyme [28]. This
increase was attributed to the inability of SRp20 to exert
its inhibitory effect in the absence of the CTD (Figure 2).
Contradictory evidence exists regarding a physical inter-
action between SRp20 and pol II. Although a proteomic
analysis revealed that SRp20 co-immunoprecipitates with
pol II [56], it is not certain whether such an interaction
might be mediated by the nascent pre-mRNA, and there-
fore is not direct. Evidence against the interaction, even in
the presence of RNA, has been provided [59]. The existence
of direct interactions between splicing factors and the pol II
CTD is, in general, not as clear as it is for factors involved
in capping or 3’ end processing. In fact, it has been proposed
that none of the SR proteins can contact the CTD strongly
and directly; nevertheless, and in a yet unidentified mech-
anism, the CTD is required for the action of SRp20 on AS.
The basic idea surrounding the recruitment model of
coupling is that through dynamic association with the
transcribing polymerase, the local concentration of a given
splicing regulator is increased in the vicinity of pre-mRNA,
thus affecting AS patterns.

The mechanism by which elongation rates affect AS
patterns (kinetic coupling) can also be illustrated using
the fibronectin EDI exon. EDI exon skipping occurs
because the 3’ ss of the upstream intron is weaker than
the 3’ ss of the downstream intron. A rapidly elongating
transcription complex will transcribe both introns before
the 5’ ss of the upstream intron can be used. As a result, the
5’ ss will be preferentially spliced to the strong downstream
3’ ss, rather than the weak upstream 3’ ss, resulting in exon
skipping. However if pol II elongation is reduced by differ-
ent means, the inclusion of EDI is increased significantly

Figure 2. Recruitment coupling. The CTD of RNA polymerase II mediates the inhibitory effect of the SR protein SRp20 on the inclusion of the alternatively spliced fibronectin

EDI exon. (a) Transcription by a WT pol II allows recruitment of SRp20 to the transcription machinery that stimulates EDI skipping. (b) Transcription by a mutated pol II

lacking the CTD (DCTD) causes higher EDI inclusion because SRp20 is not recruited. Based on de la Mata et al. (2006) [28].
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[62,63]. One possible explanation for this phenomenon
would be that if the polymerase pauses between these
two splice sites, the upstream intron would be spliced
before the downstream intron, following a ‘‘first come first
serve’’ pathway. Once the transcription complex resumes
elongation, the downstream intron would be subsequently
removed and the exon would be included. However, our
laboratory recently showed that the order of intron
removal of EDI flanking introns is unaffected upon
changes in pol II elongation, suggesting that this regula-
tion takes place at a very early stage during spliceosome
assembly [64]. For instance, a reduced pol II elongation
rate would favor an early recruitment of splicing factors to
the weak splice sites regardless of the final order of intron
removal (Figure 3). When a weak 3’ ss is followed by a
strong one, as is the case in many AS events, the tran-
scription elongation rate can affect the relative amounts of
the mRNA isoforms. However, when two consecutive
strong 3’ ss occur, as in constitutive splicing, transcription
elongation rates are less relevant. Themost direct evidence
supporting this model (for a review see Ref. [65]) was
obtained using a mutant form of pol II (termed C4) with
a lower elongation rate [62]. In experiments using a-ama-
nitin to inhibit endogenous pol II, the slow polymerase, in
comparison to the WT enzyme, was able to increase EDI
inclusion, thus confirming the inverse correlation between

elongation rate and inclusion of this alternative exon.Most
importantly, and of physiological relevance, Drosophila
melanogaster carrying the C4 mutation show changes in
the AS profile of transcripts encoded by the endogenous
large ultrabithorax (Ubx) gene [62]. Interestingly, C4 het-
erozygous flies display a phenotype, known as the Ubx
effect, where the halteres present a morphology that
resembles the abnormal second pair of wings characteristic
of the Ultrabithorax mutation, suggesting that the control
of elongation might impact on AS, generating splicing
variants that could affect organismal phenotypes.

It is easy to envision the fusion of the kinetic and
recruitmentmodels of coupling into one reality: the recruit-
ment of specific factors might modulate the pol II
elongation rate throughout the entire gene or in a specific
zone. In an elegant study, Batsché and co-workers showed
that this is likely the case for the CD44 gene [66]. The
chromatin remodeling factor SWI/SNF is known to interact
with pol II, splicing factors and spliceosome-associated
proteins. SWI/SNF favors the inclusion of a block of con-
secutive alternative exons in the middle of CD44, by inter-
acting with complexes containing U1 and U5 snRNPs and
the nuclear RNA binding protein Sam68. These multi-
molecular complexes promote stalling of pol II at the
central block of alternative exons, favoring their inclusion
into mature mRNA. Most interestingly, SWI/SNF causes a

Figure 3. Kinetic coupling model for the regulation of alternative splicing by pol II elongation. In this particular example, slow elongation is caused by the CTD

hyperphosphorylation (yellow circles) that follows UV-triggered DNA damage [79]. The 3’ splice site by the alternative cassette exon (blue) is weaker than the 3’ splice site of

the downstream intron (red). High elongation rates (a) favor skipping, whereas low transcriptional elongation rates (b) and (c) favor exon inclusion. (b) and (c) depict two

alternative pathways for the ‘‘first come, first served’’ mechanism of splice site selection leading to higher exon inclusion. (b) Slow elongation causes preferential excision

of the upstream intron (first served = first excised). (c) Slow elongation causes commitment to inclusion of the alternative exon via recruitment of splicing factors (first

served = first committed) independent of the relative order of intron removal [64].
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switch of the pol II phosphorylation status from phospho-
serine 2 (P-Ser2) to phosphoserine 5 (P-Ser5) at the
internal stalling region. Such a change in CTD phosphoryl-
ation to that typical of promoters could generate internal
‘‘road blocks’’ to elongation, implying that the elongation
rates of pol II can be modulated locally. A similar mech-
anism in which splicing is controlled by pol II stalling was
recently supported by findings that membrane depolariz-
ation of neural cells affects neural cell adhesion molecule
(NCAM) AS by changing intragenic histone acetylation
patterns, and therefore the distribution of pol II, in an
internal region surrounding the alternative exon [67].
Regardless of the model or the involvement of CTD, there
is much documentation of the coupling between transcrip-
tion and AS [65]. Such coupling involves effects of promoter
identity and occupation by transcription factors [5,68–72],
transcriptional activators and coactivators [73,74] and a
panoply of proteins that either naturally function in both
transcription and AS, or affect AS only when tethered to
promoters or transcription components (reviewed in Ref.
65).

CTD phosphorylation and kinetic coupling
Although CTD phosphorylations of Ser2 and Ser5 are, by
far, themost studied PTMs of the CTD, we still do not know
much about their patterns (Box 1). Phosphorylation of Ser5
by cyclin-dependent kinase 7 (CDK7), a component of the
basal transcription factor TFIIH, is linked to transcrip-
tional initiation, whereas phosphorylation of Ser2 by
CDK9, a component of the elongation factor P-TEFb, is
associated with transcriptional elongation [35]. However,
given that there are 46 Ser2 residues and 51 Ser5 residues
in mammalian CTDs, this ‘‘rule’’ might be an oversimpli-
fication. Recent results show that UV irradiation affects co-
transcriptional AS through pol II CTD hyperphosphoryla-
tion, at Ser2 and Ser5, and a subsequent inhibition of
transcriptional elongation, in accordance with the kinetic
model of coupling (Figure 3) [75]. The same effect on AS
was obtained by the use of pol II CTD phosphomimetic
mutants with glutamic acid at either position 2 (Glu2) or 5
(Glu5) and, consistent with a CTD-dependent mechanism,
the UV effect on AS was prevented when Ser2 and Ser5
were each replaced by alanine. In an opposite scenario, at
least for CTD hyperphosphorylation, treatment with 5,6-
dichloro-1-b-D-ribofuranosylbenzimidazole (DRB) inhibits
basal and UV-induced hyperphosphorylation, and tran-
scriptional elongation [76]. DRB is an inhibitor of the
CTD kinase CDK9, a subunit of the elongation factor P-
TEFb mentioned above. This finding might suggest that
the CTD has at least two kinds of hyperphosphorylation
states, both of which can be inhibited by DRB and both of
which can be identified as pol IIO. It is conceivable that the
CTD hyperphosphorylation state that inhibits elongation,
such as that provoked by treatment withUV andmimicked
in the Glu2/Glu5 mutants, differs from the CTD hyperpho-
sphorylation state of non-irradiated cells, characteristic of
an elongating pol II. The fact that the Glu2 and Glu5
mutations are present in all CTD repeats suggests that
a homogeneous pattern of hyperphosphorylation could be
the cause of lower elongation rates. Inhibition of elongation
by either DRB [74,75] or UV [75] affects AS in the same

Box 1. Defining CTD phosphorylation patterns: still a

molecular headache

A western blot analysis of pol II reveals mainly two isoforms: a

hypophosphorylated (pol IIA) or hyperphosphorylated CTD (pol IIO)

(Figure I). Variants lacking a unique 10 amino acid sequence

(ISPDDSDEEN) located at the C terminus of heptad 52 suffer

proteolytic degradation of the entire CTD in vivo, giving rise to a

third isoform called pol IIB [88]. The pol IIA and pol IIO isoforms refer

to their electrophoretic mobility on SDS-PAGE, but these gels do not

provide any information about whether the pol IIO isoform contains

an homogeneous population of molecules because the patterns of

phosphorylation on individual pol II CTDs can vary widely while still

migrating similarly in SDS-PAGE. For instance, differential phosphor-

ylation of serine 2 (Ser2) versus serine 5 (Ser5) and/or an uneven

versus an even distribution of the same number of phosphate groups

among the 52 CTD repeats would result in pol IIO bands with identical

mobility. Moreover, the specificity of the widely used and commer-

cially available antibodies designed to recognize P-Ser5 and P-Ser2

epitopes in the CTD has been, and remains, a subject of great debate

[30], pushing some laboratories to make and validate their own anti-

phospho-CTD antibodies. Thus, we are dealing with a situation in

which unequivocal assignment of CTD hyperphosphorylation pat-

terns cannot be achieved, which undoubtedly hinders the in-depth

understanding of the mechanisms of CTD-dependent RNA proces-

sing. For instance, different pre-mRNAs might have different

dependence on the number of the CTD repeats for efficient processing

[89]; indeed, the C-terminal half (from heptad 27 to the end) of the CTD

supports all three processing reactions, whereas the N-terminal half

of the CTD supports only capping [90]. Because both CTD halves differ

in composition, with the C-terminal half being richer in degenerate

heptads, these results, together with the notion that the number of

repeats increases with organism complexity [91], are in agreement

with the idea that the different CTD repeats are not functionally

equivalent. In this respect, it is reasonable to hypothesize that PTMs

along the CTD repeats are not equivalent.

Figure I. Difficulties in discriminating phosphorylation patterns. (i) Western blot

with permission of Cell Press of human RPB1 using an antibody directed to the

non-repetitive N-terminus of the molecule. Protein extracts were obtained from

hepatoma Hep3B cells, non-irradiated (�) or irradiated (+) with 254 nm

wavelength UV light at 20 J/m2. The antibody recognizes both the hyper- (pol

IIO) and hypo- (pol IIA) phosphorylated forms of RPB1. UV irradiation causes an

increase in the relative abundance of pol IIO; an antibody to ERK2 was used as a

control. (ii) Sixteen (42) possible combinations of phosphorylation at Ser2 and

Ser5 of a CTD hypothetically formed by only two heptad repeats. For a real CTD,

the maximum number of variants would be approximately 452. This extremely

simplified example illustrates how little information about phosphorylation

patterns can be extracted from this kind of widely used western blot. On the one

hand, for the 16 possible variants, only variant 16 unequivocally identifies pol IIA,

whereas any combination or mix of variants 1–15 can be assigned to the pol IIO

band. By contrast, an antibody specific for P-Ser5 (red) would detect variants 1–

12, whereas an antibody specific to P-Ser2 (light blue) would detect variants 4–15;

variants 4–12 would be detected by both antibodies.
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way in Hep3B cells, whereas in HCT116 cells DRB has
little effect per se on EDI inclusion, but abrogates its
stimulation byUV [75]. These results imply that additional
cell-type-specific factors influence how CTD phosphoryl-
ation affects AS, a notion that is reminiscent of the recruit-
ment model of coupling, and again favors a unified view of
the coupling mechanisms. Together with results showing
that Ser2 phosphorylation is not necessary for transcrip-
tional elongation in some genes [77], it is clear that the
assignment of Ser5 and Ser2 phosphorylation as marks of
initiation and elongation, respectively, might not be the
rule, at least for all genes or situations.

The CTD undergoes other PTMs. For instance, there is
evidence for Tyr1 phosphorylation by the c-ABL kinase [78]
and Ser7 phosphorylation by CDK7 [79–81]. The latter can
affect transcription, but its effects on pre-mRNA proces-
sing remain unexplored. Future research in this direction
will face the difficult challenge of dealing with an enormous
number of possible CTD configurations, potentially affect-
ing gene-specific or even exon-specific splicing events.

Concluding remarks and future perspectives
An updated model for the coupling of transcription and AS
is clearly emerging. In this new scenario, chromatin archi-
tecture and its dynamic nature will have a crucial role in
dictating the fate of splice site decisions. The recently
described correlations between nucleosome deposition,
together with histone tail modifications and exon definition
[82–84], point toward a direction where much of the future
research will be focused. In fact, recent reports demon-
strate that changes in chromatin organization, triggered
by differentmeans, can impact on AS regulation [67,85,86].
In this context, the pol II CTDmight also play a role, given
its known set of interactions with chromatin modification
factors [87]. However, technical challenges remain in char-
acterizing the CTD PTM patterns and their possible
implications in mediating coupling through chromatin.
In this respect, the biochemical and structural character-
ization of different CTD configurations and how this
relates to the interactions between the CTD and chroma-
tin/splicing factors remains one of the biggest challenges in
the field. From a more functional point of view, future
directions might involve use of knock-in cells and mice
where phosphomimetic CTDmutants or the slow version of
pol II replace theWT gene in order to study global and cell-
specific changes in AS. These studies could help to identify
transcriptionally regulated AS events that control funda-
mental processes such as cell survival, apoptosis, differen-
tiation and malignant transformation. Overall, the wide
variety of discoveries made since 1997 forces us to think in
stereo, with one ear listening to the channel of transcrip-
tion and the other to the channel of splicing, if we want to
listen to the full orchestra.
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